Introduction
Approximately 80% of terrestrial plant species establish mutualistic associations with arbuscular mycorrhizal fungi (AMF), which play a vital role in plant nutrition and both natural and agricultural ecosystems (Qiao et al., 2015) . AMF have widespread application in horticultural production (Azcón-Aguilar and Barea, 1997) . Used as biofertilizers and bioprotectors, AMF can enhance crop productivity, making it possible, with appropriate and effective management, to reduce chemical fertilizer and pesticide inputs.
The common bean (Phaseolus vulgaris L.) is the most important food legume consumed worldwide. With 632,301 t produced annually, Turkey accounts for 2.96% of the world's fresh broad bean production (http://faostat. fao.org/, 2013). Beans are an important source of proteins, vitamins, and minerals such as Ca, Cu, Fe, Mg, Mn, and Zn in human diets, especially in developing countries (Broughton et al., 2003) . Originating in the Americas, beans are now cultivated throughout the world and have evolved extensive genetic variations for nutrient efficiency in adaptive response to varying environmental conditions (Hacısalihoglu et al., 2005) . P. vulgaris and P. coccineus are the most widely produced species of the genus Phaseolus, which includes approximately 230 separate species. Most of the beans cultivated in Turkey belong to the P. vulgaris species (Madakbaş and Ergin, 2011) .
AMF are well known to have significant positive effects on many crops, including beans, under various biotic and abiotic stress conditions; however, regardless of crop, genetic variations in plant response to AMF are nearly universal (Declerck et al., 1995; Parke and Kaeppler, 2000; Linderman and Davis, 2004; Sensoy et al., 2007; Demir et al., 2015) . This interaction depends on nutrition relations between 90% of higher plants and the fungus. Arbuscular mycorrhizal fungus improves uptake of immobilized plant nutrition, especially phosphorus (Goltapeh et al., 2008; Sawers et al., 2008; Eke et al., 2016) . Soil microorganisms such as mycorrhizal fungus enhance the availability and uptake of mineral nutrients for plants. The achievement of arbuscular mycorrhizal fungi inoculation rests on the specific host-fungus combinations and also on the types of inoculums used. Identifying an effective combination of arbuscular mycorrhizal fungi and plant might be useful for increasing crop production. Therefore, this study aimed to identify the degree of responsiveness of 21 bean genotypes grown in Turkey to inoculation with AMF under growthchamber conditions.
Materials and methods
This study was conducted with 20 determinate common bean genotypes and Nadide cultivar, for fresh consumption, with origins in different regions in Turkey (Table 1 ) and 4 AMF inocula [Glomus intraradices (Gi); G. mosseae (Gm); Gigaspora margarita (Gim), widely used AMF species obtained from YYU Plant Protection Department, consisting of spores, extraradical mycelium, and mycorrhizal roots; and a commercial AMF composed of different Glomus spp. (cAMF)].
The study was conducted using a randomized experimental design with five different treatments (4 AMF and 1 control) and 3 replications, with 6 seedlings per genotype per replication, for a total of 378 seedlings per AMF treatment. Seeds were germinated in 2-L pots containing a growth medium of 2:1 peat (Suli Flor, Lithuania, pH: 5.5-6.5, EC: 0.5-0.8 dS/m, organic substance more than 85%) and perlite. For the samples to be inoculated with AMF, 5 g (25 spores g -1 ) of inoculum was placed in the growth medium prior to sowing. Following sowing, seeds were surface disinfected and covered with vermiculite (1 cm). Seedlings were cultivated in a growth chamber at 22 ± 2 °C, 60%-70% relative humidity, and 12 h of fluorescent illumination, irrigated with distilled water, and fertilized twice with a Hoagland nutrient solution. Plant samples were analyzed 7 weeks after seed sowing and inoculation. Shoot fresh weight (SFW), root fresh weight (RWF), shoot dry weight (SDW), and root dry weight (RDW) were measured using a digital scale (with ±0.01 g sensitivity). SDW and RDW were measured after samples were dried for 48 h at 70 °C and a constant weight was obtained. Morphologic developmental parameters [number of leaves (LN), shoot length (SL) (cm), shoot diameter (SD) (cm), and root length (RL) (cm)] were also measured. Total P in seedlings was determined by the vanadomolybdophosphoric yellow method using a spectrophotometer (Kacar, 1984) . AMF presence in bean roots was detected by dyeing the roots using a modification of Phillips and Hayman's (1970) method, and the percentage and intensity of mycorrhizal colonization (MC) were estimated using the grid-line intersect method (Giovanetti and Mosse, 1980) . Relative mycorrhizal dependency (RMD) of bean genotypes was expressed as the difference between the dry weight of the mycorrhizal plant (A) and the dry weight of the nonmycorrhizal plant (B) as a percentage of the dry weight of the mycorrhizal plant [RMD (%) = (A -B)/A × 100] (Declerck et al., 1995; Sensoy et al., 2007; Renuka et al., 2012; Abdel-Fattah et al., 2016) . The data were analyzed using the statistical software package SAS 9.4 (SAS Institute Inc., Cary, NC, USA, 2012). Two-way analysis of variance (ANOVA) was used to evaluate the study data. Means of both bean genotypes and AMF were grouped using Duncan's multiple comparison test (P < 0.05). Correlation analysis was also carried out to determine the relationships among the studied traits.
Results
Significant differences were found in morphological parameters, P content, AMF colonization rates, and RMD among the bean genotypes.
AMF application and genotype also had significant effects on shoot diameter and number of leaves. Mean shoot and root lengths varied significantly according to AMF application and genotype (Table 2) . For each genotype, SL was higher for the control and Gim applications than the Gi and cAMF applications (Table 2), whereas RL was higher for the Gi and cAMF applications than the control and Gim applications.
Gi inoculation was the only type of AMF application to have a significant effect on shoot diameter in any of the genotypes when compared to the control group (Table 3) . Gi inoculation also resulted in a higher mean number of leaves per plant when compared to other AMF applications (Table 3) . Differences in AMF applications also resulted in significant differences in shoot diameter and leaf numbers (Table 3) as well as shoot and root fresh weights (Table 4) and dry weights (Table 5 ). In general, the highest shoot and root fresh and dry weights were obtained with cAMF and Gim application (Tables 4 and 5). AMF inoculation resulted in significant differences in P content when compared to the control group for all bean genotypes (Table 6 ). For each genotype, the highest P content was observed with Gim inoculation and the lowest with the control (Table 6) . When compared to the control group, cAMF, Gi, Gim, and Gm inoculation resulted in increases in phosphorus intake of 17%, 24%, 28%, and 26%, respectively.
Rates of root colonization varied significantly according to genotype and AMF inoculation, ranging from 31.42% (V78 × cAMF) to 81.09% (T70 × Gm) ( Table  7) . RMD also varied according to bean genotype and AMF application (Table 7; Figure) . Among those genotypes exhibiting mycorrhizal dependency, RMD ranged from 1.26% (V77 × cAMF) to 69.54% (T120 × cAMF) ( Table  7) . The genotypes V29, V62, V71, T71, and T120 showed mycorrhizal dependency on all AMF species, while V76, V95, and T78 showed no dependency (negative RMD) on any of the AMF species tested (Table 7; Figure) .
The correlation analysis among the traits evaluated in this study is given in Table 8 . As seen from the table, there are significant positive correlations among most of the traits. The highest correlation was determined between SDW and SFW (r = 0886, P < 0.01). Moreover, RMD was correlated significantly (P < 0.01) with LN, SD, SFW, RFW, SDW, and RDW. The rate of colonization only had a high significant correlation (r = 0.345, P < 0.01) with the amount of phosphorus.
Discussion
As reported above, this study found seedling traits and P content of bean genotypes to vary according to the species of AMF applied (Tables 2-6). Numerous studies conducted with various plant species have shown that different genotypes may respond differently to mycorrhizal growth (Declerck et al., 1995; Linderman and Davis, 2004; Sensoy et al., 2007) . Adaptation to mycorrhizal fungi and dependence on mycorrhizal symbiosis affect the population structure and dynamic of plants in natural ecosystems (van der Heijden et al., 1998) . Within agricultural ecosystems, understanding differences in AMF-plant interactions among genotypes in order to determine suitable combinations is considered very important in terms of improving plant development and biotic and abiotic stress conditions durability (Sensoy et al., 2007; Abdel-Fattah et al., 2011; Demir et al., 2015) . The findings of the present study show that adaptation of bean genotypes to genetic variants of AMF differs in terms of both colonization and mycorrhizal dependency. Previous studies have also reported genetic variations in the response of bean genotypes to AMF inoculation (Hacısalihoglu et al., 2005; Chalk et al., 2006; AbdelFattah et al., 2011) . It has been suggested that differences in P contents and biochemical and antimicrobial defense contents of root secretions among genotypes may play a role in the differences in the responses observed (Habte and Manjunath, 1987; Lambais and Mehdy, 1993; Chalk et al., 2006; Abdel-Fattah et al., 2011 ).
As Table 8 shows, a positive relationship was found between bean genotype seedling traits (except for shoot length) and mycorrhizal dependency. Previous studies have found similar correlations between certain plant developmental parameters and mycorrhizal dependency (Menge et al., 1978; Azcón and Ocampo, 1981; Chalk et al., 2006) .
In the present study, P content was positively correlated with mycorrhizal colonization and negatively correlated with mycorrhizal dependency and colonization rate (Table  8) . The literature contains different findings regarding the effect of P content on mycorrhizal dependency and colonization rate. While Ganry et al. (1985) and Ibijbijen et al. (1996) indicated colonization rates of different legume V59  V62  V71  V76  V77  V78  V95  T70  T71  T72  T78  T90  T94  T95  T98  T103  T104  T112  T114 plants to be positively correlated with P content, Habte and Manjunath (1987) reported the effect of P content on AMF colonization and dependency to be variable. Certain studies have indicated that the effect of P content on mycorrhizal dependency is correlated with different factors, including genotype, AMF type, root-secretion contents, and various nutritional elements (Chalk et al., 2006; Abdel-Fattah et al., 2011; Younesi and Moradi, 2014) .
In conclusion, the ability of arbuscular mycorrhizal fungi to adapt to terrestrial plants varies greatly among species and within the same species according to genetic variations. Thus, transferring suitable combinations of plant species and AMF types into agricultural ecosystems represents an important method for increasing plant resistance to biotic and abiotic stress and encouraging plant growth. This study found AMF to have positive effects on bean plants, especially enhancing the uptake of phosphorus and including numerous local genotypes, highlighting the role that selecting appropriate combinations of bean plant genotypes and AMF can play in improving agricultural yields in terms of quantities as well as plant characteristics. Moreover, Rhizobia are the most studied PGPR for their potential to fix N 2 in leguminous plants. In future studies, the best symbiotic relationships between legumes/ Rhizobium and AMF could also be investigated in detail.
